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 1 
 
INTRODUCTION 
 
Breakfast is defined as ―the meal that is eaten first in the morning within 2 hours 
of waking and eaten before or at the start of daily activities (e.g. errands, travel, work) but 
not later than 10AM in the morning and that provide an energy level between 20 and 35% 
of total daily energy needs.‖ proposed by Timlin et al. 1 
Breakfast omission is defined as skipping breakfast at least three days a week.
2 
Breakfast consumption habit is associated with adequate macro and micronutrient intake 
and maintenance of  ideal BMI, hence it is recommended as part of a healthy diet.
3,4
 Even 
though the common impression is that regular breakfast consumption is a healthy habit, 
frequency of breakfast consumption habit has declined in children, adolescents, and 
adults in the past several decades.
5,6
 
There are only few studies showing breakfast intake being linked with health.
7 
Breakfast skipping have been shown to increase 24h blood glucose which indirectly 
indicates it causes changes in glucose homeostasis.
7,8
 Frequent and daily breakfast 
consuming persons were found to have decreased risk of developing abdominal obesity, 
metabolic syndrome, hypertension, and type 2 diabetes in US. There is no conclusive 
literature on the effects of breakfast skipping habit on glucose homeostasis in Indian 
population. 
 2 
 
Regular intake of breakfast showed enhanced cognitive abilities and good 
academic performance in children, which encouraged public health bodies to conduct 
school health breakfast programs.
9
 Breakfast consumption was found to have positive 
effects on memory function in the previous studies. But effects of breakfast consumption 
on other cognitive abilities such as attention, problem solving skill etc were not studied.
10
 
Eating breakfast (with protein – tryptophan content) maintain good quality of 
sleep, morning type diurnal rhythm, and ultimately good mental health.
11,12
  Skipping 
breakfast on the other hand have been correlated with poor sleep quality in students.
13 
All 
these studies were done among adolescents and children and no study has been designed 
to study role of breakfast on night time sleep among adults. 
Therefore this study has been designed to study the relationship between breakfast 
omission and parameters like cognition, quality of sleep and glucose homeostasis in 
young adult Indian population. 
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AIM & OBJECTIVE 
 
To study the effects of breakfast omission on glucose homeostasis, cognition and sleep 
among young adults. 
 
 To measure and compare the anthropometric measurements in breakfast 
eaters and breakfast skippers. 
 To estimate and compare the blood glucose profile in breakfast eaters and 
breakfast skippers. 
 To assess and compare the cognitive abilities among breakfast eaters and 
breakfast skippers. 
 To investigate and compare the quality and pattern of sleep in breakfast 
eaters and breakfast skippers. 
 To compare the age at menarche between breakfast eaters and breakfast 
skippers. 
 To study the relation between sleep, cognition and blood glucose in 
breakfast eaters and breakfast skippers. 
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REVIEW OF LITERATURE 
 
In a day, breakfast is the first meal that is consumed so it is considered to be the 
most important meal of the day.
14
 The name comes as breakfast as it is breaking 
overnight fast by supplying the body with fuel.
15
 The famous saying ―Breakfast like a 
king, Lunch like a prince, and Dine like a pauper‖ is followed from olden days.16 In 1965, 
Almeda county came out with results of longitudinal study and referred it as ‗ALMEDA 
7‘. It says that Almeda 7 is related to health status.7 health habits included are as follows 
 Eating breakfast regularly  
 7-8 hours of sleep at night 
 Exercising regularly 
 Maintenance of desirable weight for height 
 Avoiding snacks 
 Not smoking 
 Not drinking alcohol, or drinking less than 5 drinks in one sitting.17 
On contrary, the modern lifestyle has altered the morning routine in last few years. 
Irregular breakfast habits and consumption of breakfast that is nutritionally inadequate 
breakfast has recently been observed in Indian population.
18
 Comparatively, breakfast 
skipping habit is common among females.
19
 
Some individuals skip breakfast because of the following reasons 
 Not feeling hungry  
 5 
 
 Insufficient time to get ready in the morning, or rush to school/college/office 
 Waking up late 
 Breakfast not prepared at home 
are the common reasons quoted in previous studies.
 20
 
 
IDEAL BREAKFAST  
The breakfast should be consumed within 2 hour after waking up and not later than 
10.00AM in the morning.
1
An ideal breakfast provides 20-30% of total daily calorie 
requirement. And it should contain carbohydrate, proteins, vitamins, and essential 
minerals. 
Breakfast habits plays an important role on various health aspects 
1. Nutrition 
2. Metabolism 
3. Maintenance of  ideal body weight 
4. Role in cognitive function
15
 
5. Role  in glucose homeostasis 
6. Role in regulation of sleep 
 
BREAKFAST AND NUTRITION 
Persons who eat breakfast when compared to the persons who do not eat breakfast, 
the average total energy intake was lower in the breakfast skippers which results in 
 6 
 
nutritional inadequacy. Skipping breakfast resulted in  two third decrease in intake of 
recommended daily allowance of vitamins, minerals and essential nutrients.
21,22 
Meenakshi garg et al in their study on effects of breakfast skipping on nutritional status 
has found that breakfast skipper had lesser intake of nutritious foods like cereals, milk, 
vegetables, fruits and increased intake of junk foods rich in unsaturated fat.
23
 These 
previous data strongly suggests the role of breakfast in nutritional adequacy. 
 
BREAKFAST AND  METABOLISM 
 Breakfast consumption was shown to improve metabolic responses to the next 
consumed meal and kick starts metabolism at the starting of the day.
24
 Conversely, a 
randomized control study conducted by James et al showed that there was no differences 
in resting metabolic rate between breakfast eaters and breakfast omitters.
25
 The 
relationship between breakfast and metabolism has not been clearly established in the 
previous studies. 
 
BREAKFAST AND BODY WEIGHT 
  In 2011 a cross sectional  study found a positive association between lower 
BMI and regular breakfast consumption
.19 
Stalo papoutsou et al studied the association 
between breakfast consumption and cardio metabolic risk factors and have found that 
girls consuming breakfast daily had lower mean BMI and BMI Z-score. And these girls 
were less likely of having high triglyceride levels and high atheromatic index (total 
 7 
 
cholesterol to HDL ratio), high diastolic pressure.
26
 Katherine et al in their study 
investigated relation between breakfast consumption and visceral fat indices and they 
found that breakfast eaters had lower intra abdominal adipose tissue when compared to 
breakfast skippers and no significant disturbance was seen in any other adiposity 
measures. 
27
 In an analysis of 2302 school girls, they have found that overweight was 
highly prevalent among the students who skip breakfast.
28
 A cross sectional study among 
medical students observed that females skip breakfast more commonly than males and 
students with regular breakfast habits had lower BMI.
29
 Gender variations on association 
between breakfast and BMI was studied among Finish and Greek adolescents and shown 
that boys who consume breakfast regularly had lower BMI but not girls.
30
 Nafis et al 
studied breakfast skipping and its effects on obesity on 1416 students and found that 
obesity and overweight was prevalent among persons who had decreased frequency of 
breakfast intake.
31 
Individuals anxious to lose weight frequently skip breakfast. Not 
knowing that morning breakfast regulates metabolism maintains weight under control 
which is supported by the above literatures.
32 
 
BREAKFAST AND GLUCOSE HOMEOSTASIS 
Normal plasma glucose: 
An average 24 hour plasma glucose concentration is approximately about 
90mg/dl, with a maximum of 165mg/dl following a meal ingestion and a minimum of 
55mg/dl following exercise.
33 
 Normal Fasting plasma glucose level is less than 100mg/dl  
 8 
 
 Normal Postprandial plasma glucose level is less than 140mg/dl.34 
Glucose : Orgin to fate 
Glucose in plasma is obtained from different sources such as 
 Dietary source  
 Glycogenolysis- Breakdown of stored glucose (glycogen ) from the liver 
 Gluconeogenesis-Formation of glucose from non- cabohydrate sources such as 
lactate, pyruvate, amino acids and glycerol in liver and kidney 
Glucose in plasma is used by different tissues and are metabolized differently at different 
states 
(postabsorptive, postprandial state) and they are removed from plasma by few pathways 
such as 
 Storage of glucose as glycogen 
 Glycolysis- It is of two types: Non-oxidative and oxidative.  
Non-oxidative glycolysis produce pyruvate, lactate and alanine.  
Oxidative glycolysis coverts glucose into acetyl-co-A which is further oxidized 
into carbondioxide and water through tricarboxylic acid cycle. Carbon compounds 
formed from non-oxidative glycolysis undergo gluconeogenesis to form glucose 
which inturn is either stored as glycogen or released into plasma.
33
 
 
 9 
 
 
                                     Fig 1: Fate of glucose
35
 
 
GLUCOSE HOMEOSTASIS 
Most of the tissues and organs require continuous supply of glucose as a source of 
energy. Decrease in glucose concentration may cause seizures, loss of consciousness and 
death. On the other hand, increase in blood glucose concentration can lead to blindness, 
renal failure, vascular disease etc. Thus the blood glucose concentration should be 
maintained within a narrow physiological range without any fluxes. This process of 
maintenance of blood glucose concentration within a physiological range is termed as 
glucose homeostasis.
36 
Blood glucose homeostasis is achieved by the coordination of 
following factors 
 On moment to moment basis, control of glycemia despite wide fluctuations in 
blood glucose is by hormones-Insulin and glucagon.
 37
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 On long term basis, control of glycemia is by other hormones (growth hormone, 
cortisol catecholamine), sympathetic nervous system, nutritional factors, exercise 
and physical fitness, changes in hormonal sensitivity.
33,37 
KEY METABOLIC REGULATORS OF GLUCOSE HOMEOSTASIS 
INSULIN 
             Insulin is a peptide hormone secreted from beta cells of pancreas.
38
 Insulin 
secretion depends upon the concentration of plasma glucose. Increased plasma glucose 
concentration following meal leads to increased release of insulin within 30-60 min and 
decreased plasma glucose concentration less than 50mg/dl results in 80-90% reduction in 
plasma insulin level. Suppression of glucose and FFA release is maximally observed with 
plasma insulin concentration seen postprandially (40-50µU/ml) and glucose uptake is 
maximal at insulin concentration above 300µU/ml.
33 
Intestinal factors such as 
gastrointestinal inhibitory peptide (GIP), glucagon like peptide (GLP) which are secreted 
in response to meal ingestion increases the release of insulin following meal ingestion. 
This is why insulin release following oral ingestion is greater than the insulin release 
following intravenous glucose load. This phenomenon of oral glucose induced insulin 
response is called as Incretin effect.
39,40 
Insulin has both direct and indirect way of regulating glucose homeostasis. Insulin 
binds to its receptors in the liver, kidney, muscle, and adipose tissue and activates its 
signal cascade of 
 11 
 
protein kinases and regulatory proteins such as IRS-1 and IRS-2. Activation of these 
proteins results in  
 
Fig.2:Actions of insulin
38
 
Green arrow denotes a process stimulated by insulin, Dashed red arrow denotes inhibition 
by insulin. Bowed arrows denote pathways whose reversibility is mediated by different 
enzymes; and such  enzymes are commonly the ones influenced by insulin. The black 
arrows are processes enhanced in the presence of  insulin. 
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Fig 3 : Combined effects of insulin on glucose homeostasis
38
 
(1) Suppression of glucose release by gluconeogenesis from liver and kidney.
33,41
 
 (2) Increase in glucose uptake by translocation of glucose transporters in muscle and 
adipose tissues. 
 (3) Suppression of the activity of hormone-sensitive lipase results in inhibition of release 
of FFA into the circulation and also there occurs increase in FFA clearance from the 
circulation on the other side. As FFA stimulate gluconeogenesis and reduce glucose 
 13 
 
transport into cells, insulin by indirectly reducing FFA reduces glucose release into 
circulation and hastens its transport into the cells. 
(4) Insulin augments glycogen storage by inhibiting glucose-6-phosphatase and 
phosphorylase (glycogenolysis enzymes) and by stimulating glycogen synthase.33 
 
GLUCAGON 
 The next major hormone responsible for moment to moment regulation of plasma 
glucose is Glucagon which is secreted from α cells of  endocrine pancreas. Glucagon 
secretion is controlled by many factors such as glucose (hypoglycemia stimulates and 
hyperglycemia inhibits), insulin, autonomic neural signals, FFA , amino acids etc.42,,33 
 
Fig 4: Combined effects of glucagon on glucose homeostasis
38
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 Glucagon acts on its receptor in the liver and activates adenylyl cyclase which in 
turn increase intracellular cAMP . Increased  intracellular cAMP stimulates emzyme 
phosphorylase responsible for glycogenolysis. Thus, the  main action of glucagon is to 
increase plasma glucose by stimulating hepatic glucogenolysis immediately (immediate 
action). After several hours the response wanes and is followed by an increased 
gluconeogenesis (late action).
33 
 
CATECHOLAMINES 
 Catecholamines act as both hormones and neurotransmitter. Catecholamines 
release is stimulated by changes in sympathetic nervous signals during stress and 
hypoglycemia. These are hyperglycemic factors which increases plasma glucose level 
and their effects are sustained. 
 Catecholamine‘s metabolic actions are mediated through its action on beta 2 
adrenergic receptors.  
 In liver it mainly increases glycogenolysis via cAMP activation of phosphorylase 
and to lesser extent promotes gluconeogenesis. 
 In kidney, catecholamines stimulates gluconeogenesis both directly and indirectly 
as in liver. 
 In skeletal muscle, it stimulates glycogenolysis  which results in increased release 
of lactate and decreases glucose uptake. 
 In adipose tissue, it stimulates hormone sensitive lipase which stimulates lypolysis 
and results in increased release of FFA and glycerol.
33
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GROWTH HORMONE AND CORTISOL 
 Growth hormone and cortisol are antagonizers of insulin. These hormone increase 
the synthesis of gluconeogenic enzymes and decrease glucose transport. Thus, they 
decreases the ability of insulin to decrease glucose release, increase glucose uptake and 
inhibit lypolysis. But action of these hormones take several hours to occur in contrast to 
glucagon and catecholamine. These counter regulatory hormones have synergistic effects. 
So small increase in a couple of these hormones increase plasma glucose enormously 
than caused by a large increase in a single hormone level. 
  
Figure 5: Action of catacholamines and sympathetic nervous system on glucose 
homeostasis.
38
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FREE FATTY ACID 
 Free fatty acids are the major fuel used by almost all the tissues except brain, renal 
medulla, blood cells. Free fatty acid production is regulated by sympathetic nervous 
activity, growth hormone, insulin, hyperglycemia. Excess FFA in plasma produces 
several metabolic consequences such as 
 Stimulates hepatic and renal gluconeogenesis 
 Decreases uptake of glucose in muscles 
 Competes with glucose and acts as a oxidative fuel. 
 
INCRETINS 
 Incretins are group of hormones which are released in response to meal ingestion 
and its main action is to stimulate the endocrine pancreas to release insulin. The first 
identified incretin was Gastric inhibitory peptide (GIP) which was named because of its 
action . The next incretin identified was glucagon like peptide (GLP)  named because of 
its similarity to glucagon. They both are released from intestinal mucosal cells (L and K 
cells) within few minutes of meal ingestion and they are rapidly degraded by a proteolytic 
enzyme called dipeptidyl peptidase-4 (DPP-4). GLP delays gastric emptying, promotes 
satiety and decreases food intake thus helps in weight loss. Both GLP and GIP decrease 
glucagon secretion.
33 
 17 
 
 
Fig 6: Summary of glucoregulatory control.
38
 
 
DISORDERS OF GLUCOSE HOMEOSTASIS 
 Defects in glucose homeostasis result in the following conditions 
 Hyperglycemia-which may be due to prediabetes, Type 1 Diabetes mellitus, 
Type 2 diabetes mellitus, gestational diabetes mellitus, MODY, Neonatal 
diabetes mellitus. 
 Hypoglycemia-which may be due to reactive hypoglycemia, fasting 
hypoglycemia.
36
 
 
BREAKFAST AND GLUCOSE HOMEOSTASIS 
Regular food intake is vital for maintenance of normal glucose homeostasis.
43
 
 
In 
1991, Michaud C et al, assessed the impact of breakfast habit on blood glucose, 
 18 
 
mood, short-term memory and concentration in 319 adolescents (age 13-20 years).They 
found that high energy breakfast have beneficial effect on short-term memory and no 
effect on blood glucose levels.
44
  In 2009, Midori nishyama et al studied relationship 
between unhealthy behaviours like smoking and skipping breakfast habit and its 
association with prevalence of diabetes mellitus by a cross sectional study conducted on 
493 subjects and found that the combined breakfast skipping and smoking habits are 
positively correlated with prevalence of diabetes mellitus.
45
 In 2011, Yulan li et al 
examined 2331 non diabetic asymptomatic adults and found out that breakfast skipping 
habit was associated with impaired fasting glucose level.
43 
 
In 2012, Rania A Mekary et al assessed association between eating pattern and 
type 2 diabetes risk in men in a cohort of 29,206 US men who were non diabetic, not 
having history of cardiovascular disease, and cancer in the Health Professionals Follow-
Up Study and were followed up for 16 yrs. At the end of 16yr follow up breakfast 
omission habit was positively associated with an increased risk of T2D in men. They 
have explained that breakfast decreases the risk for Diabetes mellitus by decreasing the 
body weight and also by being the most satiating meal.
46 
In 2013, Andrew O. Odegaard et 
al, assessed the breakfast frequency and its relationship on development of metabolic risk 
in 3,598 participants from the community-based Coronary Artery Risk Development in 
Young Adults (CARDIA) study who were non-diabetic in 7 year study period and 
followed up them for 18years. They found that frequent (4–6 days/week) and daily (7 
days/week) breakfast consumption was correlated with a decreased risk of developing  
 19 
 
abdominal obesity, metabolic syndrome, hypertension, and  type 2 diabetes during 18 
years of follow-up compared to infrequent breakfast consumption (0–3 days/week).47 
 
 In 2014, Fumi Kobayashi et al investigated the effects of breakfast skipping habits 
on diurnal variation of energy metabolism and blood glucose and have shown that 
breakfast skipping did not affect 24 h energy expenditure, fat oxidation and thermic effect 
of food, but overall 24 h average blood glucose was increased.
48
 In 2016 Maureen T. 
Timlin et al explained that regular breakfast consumption leads to appetite control thus in 
turn controls weight gain and risk for diabetes and cardiovascular disease.  
 
Mayu Uemura et al conducted a prospective study among middle aged Japanese 
men and women and they followed 4631 participants from 2002 to 2011 for the 
development of type 2 diabetes mellitus. They found that breakfast skipping was 
positively associated with risk of type 2 diabetes mellitus incidence independent of BMI 
and FBG.
49
 The relation between breakfast habit and glucose homeostasis was 
inconsistent in the previous studies. 
 
 20 
 
Fig 7: Physiological mechanism underlying the effects of decreased frequency of 
breakfast on development of obesity and chronic diseases.
1
 
 
COGNITION 
 The miscellaneous functions of the association cortices are collectively termed as 
cognition. Association cortex includes most of the cerebral surface of human brain and 
they are responsible for the complex processing that occurs between the input in the 
primary sensory cortices and the generation of behavioral response.―Cognition‖ is not the 
best word to indicate wide range of neural functions of association cortex but it has 
become part of the functioning terms of neurologists and neuroscientists.  
 21 
 
 
Fig 8: Area of association cortex in medial and lateral views of human brain. Blue 
shaded areas are association cortex, yellow shaded areas are primary sensory and motor 
areas.
50
 
Cognition refers to the process by which we attend to external stimuli or internal 
motivation; recognize the importance of such stimuli; and  make an  appropriate response 
on that complex stimuli. 
The association cortices receive information from a variety of sources and 
integrate and cause appropriate changes in cortical and subcortical targets. Association 
cortices receive input from the primary and secondary sensory and motor cortices, the 
thalamus, and the brainstem. Association cortices send output to  reach the hippocampus, 
the basal ganglia and cerebellum, the thalamus, and other association cortices. Studies 
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indicate that the vital area for attending to stimuli in the external and internal 
environment is the parietal association cortex, and  vital for identifying the nature of  
stimuli is temporal association cortex, and the one crucial for planning appropriate 
behavioral responses is frontal association cortex.
 
In earlier days before PET scanning and functional MRI were invented, to 
evaluate normal and abnormal cognitive function, several methods were used. Those 
methods were reliable in evaluating cognitive abilities in humans. In late 1940s, to 
evaluate the integrity of cognitive function and to localize lesions ,psychologists and 
neurologists designed a battery of behavioral tests—called neuropsychological tests.  
In some tasks the patients were asked to identify familiar faces from a set of 
pictures, and in some tasks patients were asked to attend to stimulus in which 
―distractors‖ interfere with the 
ability to attend. One of its kind is the Stroop Interference Task, in which patients have to 
read the names of colors printed in color-conflicting form (for ex, the word ―blue‖ printed 
in green ink). This test assess both attention and identification abilities.
 50
 
             Cattell-Horn-theory forms the basis for cognitive abilities. Woodcock Johnson III 
(WJ III) is based on  CHC theory and it is used for measuring general intellectual ability, 
specific cognitive abilities, oral language and academic performance.
51
 
There are nine different cognitive abilities : 
 Comprehension knowledge (Gc) 
 Fluid intelligence (Gf) 
 Short term memory (Gsm) 
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 Long-term retrieval (Glr) 
 Processing speed (Gs) 
 Visual-spacial thinking (Gv) 
 Auditory processing (Ga) 
 Quantitative ability (Gq) 
 Reading writing ability (Grw) 
 
COMPREHENSION–KNOWLEDGE (Gc) 
 It includes verbal communication skills, information and reasoning ability, breadth 
and depth of knowledge. 
 
QUANTITATIVE KNOWLEDGE (Gq)  
Quantitative knowledge (Gq) is the ability to understand quantitative concepts and 
relationships; the competence to manipulate numerical symbols. 
 
READING–WRITING (Grw) 
  It is an ability in areas including basic reading and writing skills, and the skills 
necessary for understanding and expression. 
 
LONG-TERM RETRIEVAL (Glr)  
Long-Term retrieval is an ability to pile up information and retrieve it later.
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VISUAL–SPATIAL THINKING (Gv)  
The ability to analyze, synthesize visual stimuli and to manipulate mental images.  
 
AUDITORY PROCESSING (Ga)  
The capability to discriminate, analyze, and synthesize auditory stimuli.
 
 
 
FLUID REASONING (Gf) 
It is an capability to reason and unravel problems involving information or 
procedures which are unfamiliar. 
 
PROCESSING SPEED (Gs)
 
 
It is an ability to perform different cognitive tasks
 
rapidly and effectively 
 
SHORT-TERM MEMORY (Gsm)  
The ability to store information in immediate awareness and then retrieve it within 
a few seconds.
 52
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 Fig 9: Description of cognitive abilities
52 
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BREAKFAST AND COGNITION 
In 1991, Michaud C et al, assessed the impact of breakfast habit on blood glucose, 
mood, short-term memory and concentration in 319 adolescents (age 13-20 years).They 
found that high energy breakfast has beneficial effect on immediate recall in short-term 
memory but concentration was impaired and they have shown no effect on morning 
mood. These results suggest that breakfast size has different effect on cognitive 
function.
41 
In 1993, López I et al studied the effects of breakfast omission on cognitive 
performance in 279 children from low socio economic status and grouped them 
nutritionally as: normal, wasted or stunted and they have found no correlation between 
breakfast omission and performance in short-term visual memory, problem solving and 
attention tasks in all the nutritional groups. Stunted children were affected in attention 
test irrespective of receiving breakfast or not. These results imply that missing breakfast 
do not influence the cognitive performance of children.
53
 
In 2008, Gajer et al analyzed breakfast eating habit and its effects on attention 
concentration, immediate memory and school achievement in 379 middle class students 
aging 11-13 and found that regular breakfast consumption was positively correlated with 
1.4% improved letter cancelation scores and 4.3% higher immediate memory recall 
compared to breakfast skipping and concluded that breakfast eating habit has beneficial 
influence on attention, concentration, immediate memory and school performance.
54
 
In 2013, Tanya Zilberter et al studied effects of breakfast on cognition in children 
and adults, and found different effects like positive cognitive effects, negative cognitive 
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effect and also no influence of skipping breakfast in different groups. They concluded 
that impact of breakfast on cognition in children depends on BF composition 
(macronutrients, GI, calories), nourishment (malnourished, well-nourished, obese) and 
IQ. In adults, impact of breakfast on cognition depends on BF composition and glucose 
tolerance.55 In 2013, Jianghong Liu et al, investigated regular breakfast habits and its 
association with IQ in a sample of 1269 children (697 boys and 572 girls) aged 6 years 
with parental questionnaire for dietary assessment and revised Chinese version of the 
Wechsler Preschool and Primary Scale of Intelligence for cognition assessment. They 
found that children who regularly consumed breakfast had appreciably higher verbal, and 
performance IQ test scores compared to children who consume breakfast irregularly.
56
 
 
SLEEP 
 Sleep and wakefulness are one among the many functions of the body that show 
circadian (about one day) periodicity. Changes in behavioral state during the sleep-wake 
cycle is associated with distinctive changes in the EEG 
There are two phases of sleep  
NREM (nonrapid eye movement)  
REM (rapid eye movement) sleep.  
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Figure.10 The EEG record of a person (a) passing from the awake state to deep sleep 
(stage 4) and (b) during REM sleep.
57
 
The EEG waves during NREM sleep are of high amplitude and  low—frequency, 
and hence it is also referred to as slow-wave sleep. NREM sleep is divided into four 
stages from one to four each successive stage having an EEG pattern characterized by a 
slower frequency and higher amplitude than the preceding one as shown in fig.9.  
EEG during REM sleep is low-voltage, high-frequency, and has asynchronous 
pattern characteristic of the alert, awake state . REM sleep is also termed as paradoxical 
sleep because it is difficult to arouse despite having an EEG that is characteristic of the 
alert, awake state. Dreaming occurs during REM sleep.  
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Fig 11: Stages of night‘s sleep in an average young adult. The lavender colored lines 
denotes periods of REM sleep
57
 
If uninterrupted, sleep consist of cyclical stages moving from 1, 2, and 3, to 4 then 
back up from 4 to 3, 2, and 1, where NREM sleep is punctuated by an episode of REM 
sleep. Continuous monitoring of adults show that during average total sleep period there 
is four or five such cycles, each lasting 90 to 100 min. NREM constitutes 75 to 80 
percent of the total sleeping time,the remainder is spent in REM sleep. The time spent in 
REM sleep is more towards end of an undisturbed sleep. Initially, when one moves from 
drowsiness to stage 1 sleep, there is a considerable tension in the postural muscles, but 
the muscles become gradually more relaxed as NREM sleep progresses. 
  During the sleep cycle, in addition to altered muscle tension various changes occur 
throughout the body. During NREM sleep, there is pulsatile releases of growth hormone 
and the gonadotropic hormones from the anterior pituitary, and decreases in blood 
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pressure, heart rate, and respiratory rate. REM sleep is related with an increase and 
irregularity in blood pressure, heart rate and respiratory rate, twitches of the facial 
muscles or limb muscles also may occur.
57
 
Evaluation of quality and pattern of sleep can be assessed by The Pittsburgh Sleep 
Quality Index (PSQI) which measures seven components of sleep such as Subjective 
sleep quality, Sleep latency, Sleep duration, Habitual sleep efficiency, Sleep disturbances, 
Use of sleeping medications, Daytime dysfunction.
58
 
 
BREAKFAST AND SLEEP 
 Cynthia V. Lentino et al examined 14,148 US Army Active, Reserve, and National 
Guard members and found that poor sleepers are those who are less likely to eat their 
morning breakfast and proved that there is a definite relation between breakfast habits 
and sleep.
59 
In 2009 Midori nishiyama et al investigated unhealthy behaviors among 
breakfast skippers and he has found that subjects who skip breakfast  had poor quality of 
sleep compared to the person  regularly consuming breakfast.
45 
Cheng et al in 2011  assessed 4318 undergraduate female students and classified 
poor sleep quality group by a PSQI score ≥ 6 and he found that poor sleep quality was 
significantly associated with skipping breakfast habit.
60 
In 2013, Juan sun et al conducted 
a cross sectional study among medical students and found a positive association between 
breakfast omission habit and quality of sleep.
61
 In 2016, lan wang et al assessed the 
relationship between sleep quality and associated behaviours that lead to sleep 
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disturbance at Mongolia medical university.  They found that 27.8% (1694) of students 
had poor sleep quality and it was found to be associated with major risk factors like poor 
academic performance, poor interpersonal relationships, physical exercise less than three 
times a week and skipping breakfast.
62
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MATERIALS AND METHODS 
STUDY DESIGN:  Observational study 
STUDY SETTING: This study was conducted at Chennai medical college hospital  and 
research centre, Trichy . Recording of physiological parameters, clinical examination, 
cognitive tasks were performed at the department of Physiology. Fasting and Postprandial 
blood glucose estimation was carried out at the Biochemistry laboratory, CMCH&RC. 
STUDY DURATION:  1year 
STUDY PARTICIPANTS: (N=106) 
                 106 Healthy volunteers (53 subjects who regularly consume breakfast, 53 
subjects who skip breakfast more than 3 days a week) were included in this study. 
Sample size was calculated using the formula 
n = (Zα/2+Zβ)
2
 * (p1(1-p1)+p2(1-p2)) / (p1-p2)
2
, 
where Zα/2=critical value of the Normal distribution at α/2 (e.g. for a confidence level of 
95%, α is 0.05 and the critical value is 1.96),  
Zβ = critical value of the Normal distribution at β (e.g. for a power of 80%, β is 0.2 and 
the critical value is 0.84)  
 p1 and p2 are the expected sample proportions of the two groups. 
p1 and p2  were taken from the previous study, where p1=17.9 and p2=42.1 
45
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INCLUSION CRITERIA: 
 Young adults (18-39 yrs) 32 
 Both gender 
 Persons who skip breakfast at least 3 days a week( breakfast skippers 
group)
2
 
 Person who regularly consume breakfast(breakfast eaters) 
EXCLUSION CRITERIA: 
 Chronic medical illness on medication 
 Color blindness 
 Sleep disorder 
 Psychiatric disturbances 
 Drug therapy 
 Smoking 
 Alcoholism 
 Drug abuse 
 Pregnancy and lactation 
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METHODOLOGY:   
Ethical clearance was first obtained from institutional ethics committee of 
CMCH&RC. After initial screening of volunteers for inclusion and exclusion criteria, 
they were further classified into breakfast eaters and breakfast skippers based on a 
comprehensive history taken by the investigator regarding details of breakfast 
consumption. Procedure of the study was explained to all the participants in detail in their 
own regional language and written informed consent was obtained for their participation 
in the study. Following which the study was initiated.  
The study protocol included 
 Recording general medical history and history regarding breakfast habits. 
 Recording of Anthropometry measurements. 
 Recording of Physiological parameters. 
 Assessment of Quality and pattern of sleep by standardized questionnaire.58 
 Evaluation of Cognitive Function by a standardized battery of tests included in 
woodcock Johnson tests for cognitive abilities (WJ III-COG).
51
 
 Estimation of plasma glucose in venous sample (fasting and postprandial) by 
glucose oxidase method.
63
 
Participants personal details such as name, age, address, occupation were collected. 
Diet history, general medical history, drug history, family history of diabetes mellitus, 
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menstrual history in case of females and personal history were collected. General 
examination was carried out.  
 
RECORDING OF ANTHROPOMETRY MEASUREMENTS 
 Height in meters was measured using stadiometer and weight in kilogram was 
measured using standard analog weighing scale and BMI was calculated by the formula 
weight(kg) /height (m
2
). Classification of adults according to BMI was done using the 
WHO guidelines as follows .
64
 
 
Table 1:Classification of adults according to BMI
64
 
Waist circumference was measured at midpoint between the lower margin of the last rib 
and the highest point of the iliac crest and hip circumference was taken around the widest 
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portion of the gluteal region using standard inch tape and waist hip ratio (WC:HC) was 
calculated using formula WHR= Waist circumference/ Hip circumference. Sex specific 
cut off points for classifying  increased  risk of metabolic risk was adopted from WHO 
guidelines.
65
 
 
Table 2: World Health Organization cut-off points and risk of metabolic complications.
65
 
 
RECORDING OF PHYSIOLOGICAL PARAMETERS  
Resting pulse rate was calculated by manually counting the radial pulse for one 
minute and blood pressure was recorded at sitting posture in right upper arm by both 
palpatory and auscultatory method using diamond deluxe sphygmomanometer and elkon 
el-tone stethoscope. 
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ASSESSMENT OF QUALITY OF SLEEP  
  Quality and pattern of sleep was assessed by a self rated subjective 
questionnaire- The Pittsburgh Sleep Quality Index (PSQI). It included measurement of 
seven areas (components) of sleep over the past one month period:  
 Subjective sleep quality 
 Sleep latency 
 Sleep duration 
 Habitual sleep efficiency 
 Sleep disturbances  
 Use of sleeping medications 
 Daytime dysfunction over the last month  
Measurement of these components differentiate ―good‖ sleep from ―poor‖ sleep. A total 
score of global PSQI greater than ―5‖ is indicative of poor sleep quality. PSQI score more 
than 5 indicates that there is severe difficulty in at least two areas or moderate difficulty 
in more than three areas. PSQI is a validated questionnaire having a chronbach‘s α of 
0.83.
58
 
EVALUATION OF COGNITION FUNCTION 
 Cognitive functions in young adults were assessed using two sets of studies 
1. By a reliable and validated tool called ―Woodcock Johnson battery of cognitive 
abilities‖ which was developed based on Catell-Horn-theory of cognitive 
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abilities.
66 
 The tests that were recruited from WJ-III for assessment of cognitive 
functions were  
 Letter cancellation task 
 Pair cancellation task 
 Digit span task 
 Trial making task 
 Mental arithmetic task.51 
LETTER CANCELLATION TASK 
 A sheet of paper containing six line of 52 alphabets and pen was given to the 
subject and they were asked to search for the letter ―B‖ and strike out as soon as 
possible.
67
 Scoring was done depending on the time taken to complete the task and the 
number of errors.
68,69
 This task measures the perceptual speed which denotes the 
processing speed (Gs) in WJ III.
51
 
PAIR CANCELLATION TASK 
 A sheet of paper containing different patterns of drawings (i.e.,dog,ball,cup) 
arranged randomly was given with a pen and they were instructed to mark the pairs 
similar to the given target pair( ball followed by a dog) as rapidly as possible. Scoring 
was done by including the time taken to complete the test and errors. This test measures 
the attention and concentration which denotes the processing speed (Gs) in WJ-III.
51,70
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DIGIT SPAN TASK 
It consists of two parts : Forward digit span task and backward digit span task 
Forward Digit Span: Subjects were instructed to repeat the set of numbers in same 
order as called out by the examiner at a speed of one digit per second and number of 
digits in each lines keeps increasing till the subjects were unable to repeat. The 
number of lines correctly repeated by the subjects were noted 
Backward digit span task: Subjects were instructed to repeat set of numbers in the 
reverse order when called out by the examiner and number of lines correctly repeated 
in reverse order was noted.
71 
This task assesses working memory which denotes the 
cognitive ability Short term memory as in WJIII
51
 
TRIAL MAKING TASK 
 It consists of two tests: TRIAL A and TRIAL B 
In TRIAL A-The subjects were instructed to trace and join numbers from 1 to 25 in 
ascending order from a disarrayed numbers without removing pen or retracing any lines 
under time pressure. 
In TRIAL B-The subjects were asked to trace and join numbers in ascending order along 
with tracing alphabets orderly from a disarrayed set of numbers and letters (ex. 1-A-2-B-
3-C-4-D….) and time taken to complete the test was noted. 72 
Trial making task assess the special scanning ability and general sequence reasoning as 
stated as visual spatial thinking (Gv) and fluid reasoning (Gf) in WJ III.
51
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MENTAL ARITHMETIC TASK 
 Subjects were required to do serial subtraction of 7 from 37 under time pressure. 
This test assess the mathematic fluency (Gq) in WJ III
51
 
2. By a Stroop task- In which words (names of colors/some words) were presented in 
colored ink, and the subject was asked to name the color of the ink as quickly as 
possible. The ink color may either match or conflict with the color name. Time 
taken were measured and wrong responses were corrected during the test period 
itself.
73
 Test included three parts 
 RCNb(Neutral)- subjects were instructed to call out the ink colour of the 
100 neutral words (BLOOD as red) 
 RCNc(Congruent)-subjects were instructed to call out the ink of 100 words 
in which the word and the ink colour were same(GREEN as green) 
 RCNd(Incongruent)-subjects were instructed to call out the ink of 100 
words in which the word and the ink colour were different(ORANGE as 
purple).
74
 
ESTIMATION OF PLASMA GLUCOSE 
 Following overnight fast of 8 hours, venous blood was withdrawn from the 
subjects and stored in a vacutainer containing sodium fluoride for estimation of fasting 
plasma glucose.
75
 Then subjects were asked to drink 75g of anhydrous glucose dissolved 
in water and blood was drawn after 2hours of glucose load and stored in sodium fluoride 
containing vacutainer.
34 
Collected samples were transferred within 10 to 15 min of 
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sample collection to biochemistry laboratory for accuracy.
76
 Plasma glucose level was 
estimated in the fasting and two hour post glucose load collected sample using 
autoanalyser  (mindray-B420) by glucose oxidase method.
63
 
 CRITERIA FOR DIAGNOSIS OF DIABETES MELLITUS 
 FPG ≥126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h. 
OR 
2-h PG ≥200 mg/dL (11.1 mmol/L) during an OGTT.  
  CRITERIA FOR DIAGNOSIS OF PREDIABETES (IFG/IGT) 
FPG ≥100–125 mg/dL (5.6–6.9mmol/L)  
2-h PG ≥140–199 mg/dL (7.8–11.0mmol/L) during an OGTT.34 
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TABLE 3: DESCRIPTIVE ANALYSIS 
 
Variables Total (n=106) B-Eater (n=53) B-Skipper (n=53) 
Min. Max. Mean S.D Min. Max. Mean S.D Min. Max. Mean S.D 
Age 18 35 23.42 5.501 18 35 24.23 6.018 18 34 22.62 4.857 
Menarche 0 17 8.91 6.499 0 15 8.74 6.383 0 17 9.08 6.670 
Height 130 190 162.68 9.826 147 190 164.06 9.050 130 187 161.30 10.449 
Weight 37 110 61.80 15.496 41 110 67.30 16.191 37 90 56.31 12.697 
BMI 14.45 38.00 23.1633 4.38827 16.40 38.00 24.8319 4.65704 14.45 29.40 21.4947 3.39422 
WC 56 125 83.10 12.475 63 125 88.02 11.732 56 105 78.19 11.288 
HC 60 136 95.16 12.717 71 136 100.17 12.097 60 116 90.15 11.359 
WC:HC 1 1 .87 .064 1 1 .87 .070 1 1 .86 .056 
PSQI 0 14 4.30 3.002 0 9 3.57 2.422 1 14 5.04 3.351 
PSQI 1 2 1.31 .465 1 2 1.26 .445 1 2 1.36 .484 
DST 6 17 12.07 2.431 8 17 12.72 2.125 6 17 11.42 2.560 
TM-A 15 62 32.61 10.706 15 56 31.23 9.190 17 62 33.99 11.962 
TM-B 32 130 67.51 20.090 32 129 64.77 18.220 36 130 70.25 21.628 
LCT 39 119 58.00 13.246 40 84 58.06 10.987 39 119 57.94 15.284 
PCT 45 120 72.57 15.265 50 116 71.30 14.143 45 120 73.83 16.347 
RCNb 31 182 58.11 18.452 31 102 58.75 15.763 35 182 57.47 20.933 
RCNc 19 85 35.86 11.268 19 85 35.42 11.901 21 61 36.30 10.693 
RCNd 25 166 78.38 22.452 25 153 75.68 21.770 46 166 81.08 23.002 
MAT 9 107 19.87 10.941 9 107 19.35 13.744 9 42 20.38 7.230 
FBG 51 248 84.59 24.517 51 248 87.85 30.163 52 119 81.34 16.803 
OGT 65 397 108.96 38.446 65 397 117.06 49.681 76 150 100.87 19.567 
 
Table 3 shows descriptive statistics of all the parameters that has been studied in 
breakfast eaters and breakfast skippers. 
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DEMOGRAPHIC PROFILE 
A total of 106 participants were enrolled in the study. Out of which 53 subjects  are 
regular breakfast eaters and 53 subjects are breakfast skippers.  
TABLE 4: AGE 
 
CHART 1: COMPARISON OF AGE OF STUDY PARTICIPANTS 
 
20
20.5
21
21.5
22
22.5
23
23.5
24
24.5
25
Male Female
Breakfast eaters 23.44 24.63
Breakfast skippers 21.61 23.14
A
g
e 
in
 y
ea
rs
Group Mean Age(SD)  95% CI p-value 
Breakfast 
eaters 
24.23(6.018)  
 
-0.503 to 3.710 
 
     
0.134 
Breakfast 
skippers 
22.62(4.857) 
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Table 4 shows mean age of breakfast eaters being 24.23 years, minimum age was 
18 years and maximum age was 35years and mean age of breakfast skippers being 22.62 
years, minimum age was 18 years and maximum age was 34 years. There was no 
statistically significance  in age between the two groups. The comparison of age between 
two group is represented in chart 1. 
TABLE 5: GENDER 
 
Table 5 shows that 53 subjects participated in both the group, out of which 18 
were male and 35 were female in each group.  
TABLE 6:  PARTICIPANTS OF BREAKFAST SKIPPERS GROUP 
         Gender N Mean S.D Statistical inference 
Male 18(34%) 21.61 4.340  
0.291  
Female 35(66%) 23.14 5.083 
Group Sex  
Male Female Total 
B-Eater 18 50.0% 35 50.0% 53 50.0% 
B-Skipper 18 50.0% 35 50.0% 53 50.0% 
Total 36 100.0% 70 100.0% 106 100.0% 
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CHART 2: DISTRIBUTION OF PARTICIPANTS BY GENDER IN 
BREAKFAST SKIPPERS GROUP 
 
Table 6 shows that Subjects who volunteered for participation in the study group 
(breakfast skippers) were of 66% female and 34% male, but the difference was not 
statistically significant. Thus the number of female breakfast skippers was more in our 
study group than male breakfast skipper which is represented in the chart 2. 
 
ANTHROPOMETRIC MEASUREMENTS 
Chart 3 shows mean height of breakfast eaters being 164.06 was higher than the 
mean height of breakfast skippers 161.30. But the difference was not statistically 
significant as shown in table 7. 
34%
66%
MALE FEMALE
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TABLE 7: HEIGHT 
 
CHART 3: COMPARISON OF HEIGHT BETWEEN TWO GROUPS 
 
 
159.5
160
160.5
161
161.5
162
162.5
163
163.5
164
164.5
Breakfast eaters Breakfast skippers
Height 164.06 161.3
H
ei
g
h
t 
in
 c
m
Height
Group Mean height(SD)
  
95% CI p-value 
Breakfast 
eaters 
164.06(9.050)  
 
-1.011 to 6.520 
 
     
0.150 
 Breakfast 
skippers 
161.30(10.449) 
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TABLE 8: WEIGHT 
   
Mean weight of breakfast eaters was 67.298 and mean weight of breakfast skipper 
was 56.311 and the difference in weight between the two group was statistically 
significant (0.000*) as shown in table 8 and chart 4.  
CHART 4: COMPARISON OF WEIGHT BETWEEN TWO GROUPS 
 
50
52
54
56
58
60
62
64
66
68
Breakfast eaters Breakfast skippers
Weight 67.298 56.311
W
ei
g
h
t 
in
 k
g
Weight 
Group Mean weight(SD)
  
95% CI p-value 
Breakfast 
eaters 
67.298(16.1912)  
 
5.3821 to 16.5915 
 
 
0.000* 
Breakfast 
skippers 
56.311(12.6970) 
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TABLE 9: BMI 
 
CHART 5: COMPARISON OF BMI BETWEEN TWO GROUPS 
 
Breakfast eaters had mean BMI of 24.8 which is higher than the mean BMI of 
breakfast skipper (21.5) and the difference was statistically significant (0.000*) as shown 
in table 9 and chart 5. 
19
20
21
22
23
24
25
Breakfast eaters Breakfast skippers
BMI 24.8319 21.4947
B
M
I 
BMI
Group Mean  BMI (SD)
  
95% CI p-value 
Breakfast 
eaters 
24.8319(4.65704)  
 
1.76746 to 4.90688 
 
 
0.000* 
Breakfast 
skippers 
21.4947(3.39422) 
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TABLE 10: WAIST CIRCUMFERENCE 
 
CHART 6: COMPARISON OF WAIST CIRCUMFERENCE  BETWEEN TWO 
GROUPS 
 
Breakfast eaters had mean waist circumference of 87.9cm which is higher than the 
waist circumference of breakfast skipper (78.2cm) and the difference was statistically 
significant(0.000*) as shown in table 10 and chart 6 
Breakfast 
eaters
Breakfast 
skippers
Waist circumference 88.02 78.1917
72
74
76
78
80
82
84
86
88
90
cm
Waist circumference
Group Mean  WC (SD)
  
95% CI p-value 
Breakfast 
eaters 
88.02 (11.732)  
 
5.30858 to 14.26341 
 
 
0.000* 
Breakfast 
skippers 
78.1917 
(11.28806) 
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TABLE 11: HIP CIRCUMFERENCE 
 
Breakfast eaters had mean hip circumference of 100.17cm which is higher than the 
hip circumference of breakfast skipper (90.14cm) and the difference was statistically 
significant  (0.000*) as shown in table 11 and chart 7. 
CHART 7: COMPARISON OF HIP CIRCUMFERENCE BETWEEN TWO 
GROUPS 
 
84
86
88
90
92
94
96
98
100
102
Breakfast 
eaters
Breakfast 
skippers
Hip circumference 100.17 90.149
cm
Hip circumference
Group Mean HC(SD)  95% CI p-value 
Breakfast 
eaters 
100.17(12.097)  
 
5.4034 to 14.5293 
 
 
0.000* 
Breakfast 
skippers 
90.149(11.3585) 
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           TABLE 12: WAIST HIP RATIO 
 
CHART 8: COMPARISON OF WAIST HIP RATIO BETWEEN TWO GROUPS 
 
Breakfast eaters had mean waist hip ratio of 0.87 which is greater than the waist 
hip ratio of breakfast skipper (0.86) but the difference was not statistically significant. 
 
0.85
0.855
0.86
0.865
0.87
0.875
Breakfast eaters Breakfast 
skippers
waist hip ratio 0.87396 0.85975
A
xi
s 
Ti
tl
e
waist hip ratio
Group Mean WH Ratio 
(SD)  
95% CI p-value 
Breakfast 
eaters 
0.87396(0.070447)  
 
-0.010279 to      
0.038694 
 
 
0.253 
Breakfast 
skippers 
0.85975(0.055941) 
 52 
 
COMPARISON OF  QUALITY AND PATTERN OF SLEEP  
Subjective sleep quality was assessed by Pittsburgh sleep quality index. The 
frequency distribution of PSQI scores were as follows. 
 
TABLE 13: FREQUENCY DISTRIBUTION OF PSQI SCORES 
 
CHART 9: DISTRIBUTION OF PARTICIPANTS BY PSQI SCORE IN BOTH 
GROUPS 
 
64%
36%
Breakfast skipper
PSQI<5 PSQI≥5
74%
26%
Breakfast eater
PSQI<5 PSQI≥5
PSQI No of breakfast eaters No of Breakfast 
skippers 
PSQI<5 
39(73.6%) 34(64.2%) 
PSQI≥5 
14(26.4%) 19(35.8%) 
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Out of 106 participants, those with PSQI score less than 5 were 39(73.6%) in 
breakfast eater group and 34(64.2%) in breakfast skipper group . Participants with PSQI 
score more than 5 were 14(26.4%) in breakfast eater group and 19(35.8%) in breakfast 
skipper group as shown in table 13 and chart 9. 
TABLE 14: QUALITY AND PATTERN OF SLEEP 
 
CHART 10: COMPARISON OF PSQI SCORE BETWEEN TWO GROUPS 
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Mean PSQI score of breakfast eaters were 3.57 whereas mean PSQI score of 
breakfast skippers were 5.04, which on comparison by an unpaired ‗t‘ test resulted in a 
95% CI of  -2.598 to -0.345 and resulted in a statistically significant p-value of 0.01 as 
shown in table 14 and chart 10.Thus it denotes that breakfast skippers had significantly 
poor quality of sleep when compared to the breakfast eaters. 
COMPARISON OF COGNITIVE ABILITIES 
 The tests used for testing cognitive functions were  
 Trial making task A 
 Trial making task B 
 Letter cancellation task 
 Pair cancellation task 
 Digit span task 
 Mental arithmetic task 
TRIAL MAKING TASK A & B: 
TABLE 15: TRIAL MAKING TASK-A  
Table 15 shows mean time taken (sec) for trial making task A by breakfast eater 
was 31.226 and by breakfast skipper was 33.991 which on comparison by unpaired ‗t‘ 
Group Mean TM-A 
score(SD) 
95% CI p-value 
Breakfast 
eaters 
31.226(9.1895)  
 
-6.8731 to 1.3448 
 
 
0.185 
Breakfast 
skippers 
33.991(11.9625) 
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test resulted in a confidence interval of -6.8731 to 1.3448. 
TABLE 16: TRIAL MAKING TASK-B  
 
Table 16 shows mean time taken (sec) for trial making task B by breakfast eater 
was 64.77 and by breakfast skipper was 70.25 which on comparison by unpaired ‗t‘ test 
resulted in a confidence interval of -13.175 to 2.231. 
CHART 11: COMPARISON OF TRIAL MAKING SCORE BETWEEN TWO 
GROUPS 
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Thus the time taken for trial making task A &B in breakfast eaters was less than 
the time taken by breakfast skippers, but the difference in time taken for TM-B & TM-B 
between two groups was not statistically significant which is represented in the chart 11. 
TABLE 17: LETTER CANCELLATION TASK 
 
CHART 12: COMPARISON OF LETTER CANCELLATION TASK SCORE 
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Mean time taken (sec) for letter cancellation task by breakfast eater was 58.06 and 
by breakfast skipper was 57.94, which on comparison by unpaired ‗t‘ test resulted in a 
confidence interval of-5.014 to 5.240. Thus time taken by breakfast eaters to complete 
LCT was greater than that in the breakfast skipper, but the difference in time taken for 
LCT between two groups was not statistically significant as shown in table 17 and chart 
12. 
TABLE 18: PAIR CANCELLATION TASK  
 
CHART 13: COMPARISON OF PAIR CANCELLATION TASK SCORE 
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Mean time taken (sec) for pair cancellation task by breakfast eater was 71.3 and by 
breakfast skipper was 73.83, which on comparison by unpaired ‗t‘ test resulted in a 
confidence interval of -8.416 to3.360. Thus time taken by breakfast eaters to complete 
PCT was less than that in the breakfast skipper, but the difference in time taken for PCT 
between two groups was not statistically significant as shown in table 18 and chart 13. 
TABLE 19: MENTAL ARITHMETIC TASK  
          
Mean time taken (sec) for mental arithmetic task by breakfast eater was 19.353 and by 
breakfast skipper was 20.377, which on comparison by unpaired ‗t‘ test resulted in a confidence 
interval of -5.2547 to 3.2056. Thus time taken by breakfast eaters to complete MAT was less 
than that in the breakfast skipper, but the difference in time taken for MAT between two groups 
was not statistically significant as shown in table 19 and chart 14. 
                
 
  
Group Mean MAT 
score(SD) 
95% CI P-value 
Breakfast 
eaters 
19.353(13.7437)  
 
-5.2547 to 3.2056 
 
 
 
0.632 
 Breakfast 
skipper 
20.377(7.2303) 
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CHART 14: COMPARISON OF MENTAL ARITHMETIC TASK SCORE 
                 
TABLE 20: DIGIT SPAN TASK  
  
 
Mean score of digit span task by breakfast eater was 12.72 and by breakfast 
skipper was 11.42 , which on comparison by unpaired ‗t‘ test resulted in a confidence 
interval of 0.396 to 2.203. Thus score of MAT in breakfast eaters was more than that in 
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the breakfast skipper, and the difference was statistically significant (0.005*) as shown in 
table 20 and chart 15. 
CHART 15: COMPARISON OF DIGIT SPAN TASK SCORE 
 
TABLE 21: STROOP TASK (RCNb) 
 
 
10.5
11
11.5
12
12.5
13
Breakfast eaters Breakfast skipper
DST 12.72 11.42
Sc
o
re
DST
Group Mean RCNb score 
(SD) 
95% CI P-value 
Breakfast 
eaters 
58.75(15.763)  
 
-5.855 to 8.421 
 
 
0.722 
Breakfast 
skipper 
57.47(20.933) 
 61 
 
Table 21 shows mean time taken (sec) to complete RCNb (neutral) by breakfast 
eaters was 58.75 and by breakfast skipper was 57.47, which on comparison by unpaired 
‗t‘ test resulted in a confidence interval of -5.855 to 8.421 . Thus time taken by breakfast 
eaters to complete RCNb was more than that in the breakfast skipper, but the difference 
in time taken between two groups was not statistically significant 
TABLE 22: STROOP TASK  (RCNc) 
 
 Table 22 shows mean time taken (sec) to complete RCNc 
(congruent) by breakfast eaters was 35.42 and by breakfast skipper was 36.30, which on 
comparison by unpaired ‗t‘ test resulted in a confidence interval of -5.245 to 3.471. Thus 
time taken by breakfast eaters to complete RCNc was less than that in the breakfast 
skipper, but the difference in time taken between two groups was not statistically 
significant. 
 
 
 
Group Mean RCNc score 
(SD) 
95% CI P-value 
Breakfast 
eaters 
35.42(11.901)  
 
-5.245 to 3.471 
 
 
 
0.687 
Breakfast 
skipper 
36.30(10.693) 
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TABLE 23: STROOP TASK  (RCNd) 
 
Table 23 shows mean time taken (sec) to complete RCNc (incongruent) by 
breakfast eaters was 75.68 and by breakfast skipper was 81.08, which on comparison by 
unpaired ‗t‘ test resulted in a confidence interval of-14.023 to 3.231. Thus time taken by 
breakfast eaters to complete RCNd was less than that in the breakfast skipper, but the 
difference in time taken between two groups was not statistically significant. 
CHART 16: COMPARISON OF STROOP TASK SCORE IN BOTH GROUPS 
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COMPARISON OF BLOOD GLUCOSE 
TABLE 24: FASTING PLASMA GLUCOSE 
 Mean fasting blood glucose of breakfast eaters was 87.85 
and in breakfast skippers was 81.34, which on comparison by an unpaired ‗t‘ test resulted 
in a confidence interval of -2.895 to 15.914. Thus mean FBG in breakfast eaters was 
higher than that in the breakfast skipper, but the difference in FBG between two groups 
was not statistically significant as shown in table 24 and chart 17. 
CHART 17: COMPARISON OF FASTING BLOOD GLUCOSE IN BOTH 
GROUPS 
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TABLE 25: ORAL GLUCOSE TOLERANCE TEST 
 Mean blood glucose 2 hr after 75 gm glucose load in 
breakfast eaters was 117.06 and in breakfast skippers was 100.87, which on comparison 
by an unpaired  ‗t‘ test resulted in a confidence interval of 1.644 to 30.733. Thus mean 
OGT value in breakfast eaters was higher than that in the breakfast skipper, and the 
difference between two groups was statistically significant (0.029*) as shown in table 25 
and chart 18. 
CHART 18: COMPARISON OF OGT IN BOTH GROUPS 
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AGE AT MENARCHE 
TABLE 26: AGE AT MENARCHE 
 Mean age at menarche in breakfast eaters was 13.23 and in 
breakfast skippers was 13.74, which on comparison by an unpaired ‗t‘ test resulted in a 
confidence interval of -1.112 to 0.084. Thus mean age at menarche in breakfast eaters 
was somewhat less than that in the breakfast skipper, but the difference between two 
groups was not statistically significant as shown in chart 19 and table 26. 
CHART 19: COMPARISON OF AGE AT MENARCHE IN BOTH GROUPS 
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  CORRELATION OF BMI AND BLOOD GLUCOSE LEVEL 
TABLE 27: BMI AND BLOOD GLUCOSE LEVEL 
 
 
 
BMI 
B-Eater 
(n=53) 
 
 Correlation value Statistical inference 
OGT .136 .330>0.05 NS 
FBG .105 .456>0.05 NS 
B-
Skipper 
(n=53) 
 
 Correlation value Statistical inference 
OGT .093 .509>0.05 NS 
FBG -.060 .671>0.05 NS 
 
No significant correlation was observed between the BMI and blood glucose level 
(FBG&OGT) as shown in table 27. 
CORRELATION OF SLEEP QUALITY AND BLOOD GLUCOSE LEVEL  
TABLE 28: PSQI AND BLOOD GLUCOSE LEVEL 
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value 
Statistical 
inference 
OGT -.153 .275>0.05 NS 
 
Correlation 
value 
Statistical 
inference 
FBG -.061 .662>0.05 NS 
 
 
 
 
 
 
 
 
PSQI 
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PSQI 
more 
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Correlation 
value 
Statistical 
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OGT -.136 .332>0.05 NS 
 
Correlation 
value 
Statistical 
inference 
FBG -.325(*) .018<0.05 S 
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In breakfast skippers, fasting blood glucose value was negatively correlated with 
PSQI and it was statistically significant (.018) as shown in table 28. 
CORRELATION OF BLOOD GLUCOSE LEVEL WITH DIGIT SPAN 
TASK PERFORMANCE 
TABLE 29: DST AND BLOOD GLUCOSE LEVEL 
B-Eater 
(n=53) 
DST 
 Correlation value Statistical inference 
FBG -.049 .728>0.05 NS 
 Correlation value Statistical inference 
OGT .020 .888>0.05 NS 
B-
Skipper 
(n=53) 
DST 
 Correlation value Statistical inference 
FBG -.550(**) .000<0.01 S 
 Correlation value Statistical inference 
OGT -.454(**) .001<0.01 S 
 
In breakfast skippers, fasting plasma glucose and OGT were negatively correlated 
with digit span task performance and it was statistically significant as shown in table 29. 
CORRELATION OF SLEEP QUALITY  WITH  DIGIT SPAN TASK 
PERFORMANCE 
TABLE 30: DST AND PSQI 
 
B-Eater with PSQI more than 
5 
 
Correlation 
value 
Statistical 
inference 
.133 .344>0.05 NS 
 
B-Skipper with PSQI more 
than 5 
 
Correlation 
value 
Statistical 
inference 
.348(*) .011<0.05 S 
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 In breakfast skippers, sleep disturbance was positively 
correlated with digit span task performance and it was statistically significant (.011) as 
shown in table 30. 
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DISCUSSION 
  
There is inconclusiveness in the definition for the term ‘Breakfast’ in the previous 
literatures. Preziosi et al defined breakfast as consumption of solid food or beverage for 
the first occasion that occurred soon after waking from overnight sleep,
 18 
Yang et al 
defined breakfast as the food that is taken before 09.00 hours irrespective of  content of 
the meal.
 77
Timlin and Pereira defined it as: the first meal of the day that is eaten before 
or at the start of the daily activities within 2 h of waking, and typically not later than 
10.00 a.m in the morning and of a caloric value between 20–35% of the daily energy 
needs.
1
Breakfast in our study refers to the definition that was designed by Timilin et al 
which is broadly used for research purposes. 
 
GENDER DIFFERENCES IN BREAKFAST HABITS 
In our study, randomly recruited breakfast skipping subjects consisted of more 
number of breakfast skipping women (66.04%) than the breakfast skipping men 
(33.96%). Many previous studies revealed gender-specific differences in breakfast eating 
patterns.
19,78,79  
Our findings supports the previous finding that women skips breakfast 
more commonly than men. More prevalence of skipping breakfast habit among girls is 
probably because of common misconception, that it helps in reducing body weight.
15
 It 
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implies that there should be a stronger focus on females to encourage better breakfast 
habits. 
RELATION BETWEEN BREAKFAST HABITS AND ANTHROPOMETRIC 
MEASURES 
 Mean height of subjects who eat regularly is more than the mean height of 
subjects who has breakfast skipping habit but the difference was not statistically 
significant. It is further supported by a study conducted by C A Powell et al. He found 
that height in children improved significantly (0.25 cm) after providing breakfast for 
1year. Thus it denotes breakfast has benefits of improving nutritional status.
80
 
 In our analysis it has been found that the subjects who eat breakfast regularly had 
high BMI, waist circumference and hip circumference when compared to the subjects 
who skip breakfast for more than 3 days a week. This is in contradiction to the study by 
Stalo papoutsou et al who showed inverse relation between regular breakfast habit and 
BMI. Girls who consumed breakfast daily had lower mean BMI compared to girls with 
irregular breakfast habit. 
26 
Nafis et al studied breakfast skipping and its effects on development of obesity 
and found that obesity and overweight was more prevalent among persons who had 
irregular breakfast habits. This finding is not in correlation with our results.
31 
A systemic review
 
of 16 studies was done by Hania Szajewska et al to study the 
association between breakfast habits and its influence on body weight. Thirteen out of 
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sixteen studies showed that breakfast consumption prevents obesity. One out of sixteen 
study showed that this positive effect of breakfast on body weight maintenance was only 
among male.
81
 The physiological mechanisms that were proposed to contribute to this 
effect of breakfast habit on body weight was appetite control by means of increased 
satiety and blood sugar control.
82
 
Additionally, it has been found in a study by Hanna Isaksson  that small changes 
in composition of diet have the potential to affect feelings of hunger and satiety and 
ultimately body weight. He has demonstrated satiety enhancing effect of whole grain rye 
foods, breads as well as porridges, compared to an iso-caloric shifted wheat bread. It 
implies that satiety depends upon the type of food consumed.
83
 
Alexandra Veltsista et al in his study on association between breakfast eating 
behavior and overweight/obesity among Greek and Finnish adolescents found that 
breakfast consumption was associated with decreased level of obesity/overweight. But 
these effects were found only among boys and not among girls.
30  
This shows that there is 
a gender specific difference in the breakfast‘s effect on body weight. 
Since our study consists of more number of females, the effect of breakfast 
consumption behavior on BMI was not pronounced which is supported by the previous 
studies. It has been shown that these effects depend upon the type of food consumed. 
Reason for contradictory results may be due to lack of information about composition of 
food. 
 72 
 
Though BMI, Waist circumference, hip circumference were higher among 
breakfast eaters, waist hip ratio which is an important marker of adiposity was more 
among breakfast eaters than breakfast skippers in our study but it was not statistically 
significant. 
 Our study concludes that breakfast eaters has increased tendency for adiposity 
when compared to the breakfast skipper.  
 
EFEECTS OF BREAKFAST HABITS ON SLEEP 
 In our study quality and pattern of sleep as assessed by The Pittsburgh Sleep 
Quality Index (PSQI) shows that the mean PSQI score in breakfast skipper (5.04) was 
more than the mean PSQI score in breakfast eaters (3.57) and the difference was  
statistically significant. This denotes that the breakfast skippers have poor quality of sleep 
when compared to the breakfast eaters. 
  Our study findings can be substantiated by the study conducted by Juan Sun who 
showed significant association between regular breakfast consumption and better sleep 
quality. The physiological mechanism underlying these effects were thought to be that 
the breakfast containing adequate tryptophan gets metabolized into serotonin which is a 
potent antidepressant and it promotes morning type diurnal rhythm. At night, serotonin is 
converted into melatonin in the pineal gland which is a sleep inducer. Thus it helps in 
good quality of sleep at night.
61,84 ,85 
Circadian rhythm is mainly affected by metabolism 
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and food
 
intake. Breakfast skipping habits in turn lead to alteration in the circadian 
rythmicity.
86
 
 Our results were in consistent with the previous study by Lan wang et al who 
found a definite association between breakfast skipping habit and poor quality of sleep.
62
 
 Midori nishiyama et al investigated the unhealthy behaviors associated with 
breakfast skipping habit and found that persons who skip breakfast had poor quality of 
sleep.
45 
These evidences support our study. 
The observation in our study is further supported by a study by Cheng et al who used 
the same PSQI scale we have used. They observed that poor sleep quality was 
significantly correlated with breakfast skipping habit.
60 
 
COGNITION
 
We found that 
 Breakfast eaters scored significantly higher than breakfast skippers in digit 
span task. 
 Performance of breakfast eaters in trial making task A & B, pair 
cancellation task, mental arithmetic task was better than the performance 
of breakfast skippers. But the difference in performance was not 
statistically significant. 
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 Breakfast eater's performance in letter cancellation task was less than the 
performance of breakfast skippers. 
 In stroop task, breakfast eaters performed well in congruent and 
incongruent stroop task than breakfast skipper but the difference was not 
statistically significant and breakfast eaters showed poor performance in 
neutral stroop task. 
Thus our study showed that breakfast eaters had significantly enhanced working 
memory. They also had enhanced attention, concentration, special scanning ability, 
general sequence reasoning, mathematic fluency and processing speed even though it was 
not statistically significant. Perceptual speed was less in breakfast eaters compared to 
breakfast skipper. 
Our results correlated with the findings of previous study by Michaud C et al who 
assessed 319 subjects and found that breakfast produces beneficial effect on immediate 
recall in short term memory but impairment of concentration.
44 
Our study is further supported by a study by Gajer et al who found out the 
beneficial influence of breakfast habit on attention-concentration, memory and school 
achievement.
54 
Tanya Zilberter et al observed that breakfast effects on cognition depends on 
composition of breakfast and glucose tolerance in adults.
55 
Contradiction to our results, 
López I et al showed no influence of breakfast habit on cognition. These contradictory 
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results may be due to difference in breakfast composition and glucose tolerance of the 
study participants.
53 
Previous article state that breakfast by supplying blood sugar helps in the 
formation of neurotransmitter acetylcholine and dopamine. These neurotransmitters 
improve mental focus, memory and brain productivity. Thus breakfast consumption 
enhances memory, problem solving skill, focus and alertness which substantiates our 
findings.
15
 
 
BREAKFAST AND GLUCOSE HOMEOSTASIS  
Our study results showed that breakfast eaters had significantly higher mean value 
of plasma blood glucose 2 hr after 75gm load and also showed higher mean value of 
fasting plasma glucose level in breakfast eaters even though it was not statistically 
significant and was not in diabetic range. 
Study by Michaud C et al showed that the breakfast habit does not produce any 
beneficial effects on blood glucose level which is consistent with our results.
44
 
Most of the other studies are contradicting to our results, such as Midori nishyama 
et al showed that the combined habits of smoking and breakfast skipping increase the 
prevalence of type 2 Diabetes Mellitus.
45 
 Yulan li et al in his study found that breakfast 
skipping habit was associated with impaired fasting plasma glucose level.
43 
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Study
 
by Rania A Mekary et al showed that breakfast skipping habit was 
positively associated with increased risk of type 2 diabetes.
46 
Fumi Kobayashi et al found 
that breakfast skipping habit increases the overall 24 hr average blood glucose level.
48 
All 
the above contradicting results justifies the fact that breakfast by increasing satiety, and 
also by weight control reduces risk for Diabetes Mellitus. In our study we didn‘t find any 
significant differences in weight in breakfast skippers when compared to the breakfast 
eaters .Composition of breakfast consumed was also not assessed in our study which may 
be the reasons for contradicting result in our study. 
BREAKFAST AND AGE AT MENARCHE 
We found no significant difference in age at menarche between breakfast eaters 
and breakfast skippers in our study.  
Conversely study by Jae-Seong Heo et al showed that 3% of girls with precocious 
puberty had irregular breakfast habits. He explained that having a good breakfast can 
reduce calorie intake and help with weight management. Thus by this mechanism regular 
breakfast consumption reduces the onset of precocious puberty.
87 
In our study breakfast 
skipping subjects didn‘t have any significant differences in weight when compared to the 
breakfast eaters. That may be the reason why we didn‘t get any differences in pubertal 
age. 
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RELATIONSHIP BETWEEN BMI, SLEEP QUALITY, BLOOD GLUCOSE 
LEVEL, DIGIT SPAN TASK PERFORMANCE 
                  BMI and blood glucose level after 2hr of 75gm glucose load (OGT) was 
positively correlated in both the group. Also there was a positive correlation between 
fasting blood glucose and BMI in breakfast eaters. But the correlation was not 
statistically significant. Our findings are supported by a study by Bakari AG et al who 
showed a positive but a non-significant association between BMI and blood glucose level 
among females and no association between BMI and blood glucose among males.
88 
Since 
many of our study participants were females, we have got similar results.  
                    Previous study conducted by Onyesom Innocentn et al found a weak positive 
correlation between BMI and blood glucose level among men and significant positive 
correlation between BMI and blood glucose level among women which further supports 
our study.
89
 The relationship between BMI and blood glucose depends upon race and 
other biological factors.
90 
Since the study by Onyesom Innocentn et al was found among 
Nigerians, racial factor may be responsible for the varying results. 
                    In our study, it was observed that blood glucose level and sleep disturbance 
was negatively associated among both the group. There was a significant negative 
association between fasting blood glucose level and sleep disturbance in breakfast 
skippers. Our finding is supported by Christophe Varin et al who found that glucose 
concentration monitors the gating of K-ATP channels of sleep-promoting neurons  
present in the VLPO of hypothalamus and the excitability of these neurons depends upon 
 78 
 
the extracellular glucose concentration.
91 
Kristen L Knutson et al found that sleep 
disturbance leads to alteration in glucose metabolism which is consistent with our 
study.
92 
Van Helder T
  
also found that sleep deprivation leads to glucose intolerance, 
insulin insensitivity and ultimately insulin exhaustion.
93
 All these studies infer that there 
is a definite relation between blood glucose and sleep disturbance. 
                   To study the possible mechanism we have hypothesized for the relationship 
between cognition and blood glucose as given by previous studies, we examined the 
correlation between DST and blood glucose level. In breakfast skippers there was a 
significant negative correlation between digit span task performance and blood glucose 
levels (both FBG and OGT). These results imply that higher blood glucose level is 
associated with decline of cognitive performance. Our finding is supported by Moyra E. 
Mortby et al who found that higher blood sugar value results in cognitive decline.
94  
Our 
finding is contradictory to the previous finding by David Benton et al who showed that 
breakfast consumption habit enhanced memory by increasing the blood glucose level. 
They have also explained other possible mechanisms for memory enhancing effects of 
breakfast like consumption of food resulting in release of gut peptides like 
cholecystokinin which has memory enhancing central action and also release of insulin 
which also can produce memory enhancing effects which may be the reason for our 
findings. 
95
 
                   We have observed significant positive association between sleep disturbance 
and digit span task performance in breakfast skippers, which implies that more the sleep 
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disturbance more will be the decline in cognitive performance. Paula Alhola et al 
explained that frontal lobe is vulnerable to both acute and chronic sleep deprivation .
96
  
Thus, sleep deprivation impairs attention and memory which supports our study. Our 
finding is further supported by the previous study by Gilbert et al who showed that poor 
sleep quality has negative impact on academic functioning in non-depressed students.
97
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SUMMARY 
 
 Study was conducted among 106 participants (53 breakfast eaters and 53 
skippers).  
 Physiological parameters such as anthropometric measurements, sleep quality, 
cognition, blood glucose levels and age at menarche were compared between the 
two groups.  
 Breakfast eaters had significantly higher BMI, waist circumference, hip 
circumference and waist hip ratio when compared to breakfast skippers. 
 Breakfast eaters had significant better sleep quality when compared to the 
breakfast skippers. 
 Breakfast eaters performed significantly well in digit span task when compared to 
the breakfast skippers. 
 Breakfast eaters had higher blood glucose level (especially OGTT) when 
compared to the breakfast skippers  
 Poor performance of breakfast skippers in digit span task was positively associated 
with sleep disturbance. 
 Sleep disturbance was negatively associated with blood glucose level.(FBG) 
 Digit span task performance in breakfast skipper was negatively associated with 
blood glucose level. 
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LIMITATIONS 
 
 Breakfast consumption was self-reported and subjective interpretation which may 
result in information bias. 
 There is no proper definition of breakfast in the previous literature which may be 
responsible for variations in results. 
 Our study population consisted of unequal number of male and female which 
could have affected our results. 
 Proper quantity, type and composition of breakfast were not recorded in our study 
which limits us to find the detailed cause of our findings. 
 Pattern of sleep and sleep quality was assessed by a subjective questionnaire 
which may lead to recall bias. 
 Cognition abilities were tested by using various cognitive tasks on single occasion 
at comfortable time which limits ability to find relation of food consumption and 
cognitive abilities. 
 Since it was an observational study, we cannot determine the appropriate cause 
whether skipping breakfast was a result  or a cause of the factors identified. 
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RECOMMENDATIONS 
 
 In future studies detailed assessment of food intake by 24 hour recall or food-
frequency questionnaires will help us to study relation between skipping breakfast 
and other physiological parameters. 
 In future studies gender can be matched for better comparison. 
 This study can be conducted with a larger sample size with wider age group for 
better results. 
 Cognitive tasks can be carried out on multiple occasions at a particular time in all 
the contestants which could increase reliability. 
 Detailed sleep study can be carried out to find out definitive role of breakfast on 
sleep habits in future studies. 
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PROFOMA 
Name:         
Age: 
Sex: 
Occupation: 
Handedness:  
Address: 
 
Father/mother/guardian name: 
Phn.no:       
HISTORY 
1)Diet history 
 Do you consume breakfast everyday? : Yes /No 
(within 2 hours of waking up typically before 10AM) 
 If yes, what type of food and quantity of food? 
 If no, How many times per week do you skip breakfast? 
 
2)Medical history 
 History of any medical illness- Diabetes/ Hypertension/ Psychiatric illness/ Colour 
blindness 
3)Drug history 
 History of any drug intake:Yes/No 
 If yes,mention the drugs 
4)Family history of Diabetes mellitus 
5)Menstrual history: 
 Age at menarche  
 xxxiv 
 
6)Personal history 
 History of smoking 
 History of alcoholism  
 Bowel and bladder habits 
PHYSIOLOGICAL PARAMETERS 
1)Height 
2)Weight 
3) Body mass index=wt/ht
2 
(m
2
) 
4)Waist circumference 
5)Hip circumference 
6) Waist hip ratio  
EXAMINATION 
Pulse- 
Blood pressure- 
GENERAL EXAMINATION 
Pallor  
Icterus 
Cyanosis 
Clubbing 
Lymphadenopathy 
Edema 
SYSTEMIC EXAMINATION 
CVS- 
CNS- 
 xxxv 
 
RS- 
PA- 
 
Assesment of cognition  
 Mental arithmetic task: 
Time taken for serial subtraction of 7 from 37 
 Response conflict: 
Time take for RCNb (neutral) 
Time taken forRCNc( congruent) 
Time taken for RCNd  (incongruent) 
Plasma glucose 
 Fasting 
 2hour after 75gm glucose load 
 xxxvi 
 
 
 
 
 
 
 
 xxxvii 
 
 
 
    
 
 xxxviii 
 
 
                             
Letter cancellation task 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pair cancellation task 
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Chennai Medical College Hospital & Research Centre,                                            
Irungalur,Trichy-621 105. 
CONSENT FORM 
           You are requested to participate in a study conducted in the Department of 
Physiology, Chennai Medical College Hospital & Research Centre, Irungalur, Tricy. 
 Titled -“EFFECTS OF BREAKFAST OMISSION ON SLEEP QUALITY, 
COGNITION AND GLUCOSE HOMEOSTASIS AMONG YOUNG ADULTS.” 
 Your participation in this study is voluntary. 
 Your  participation is not a compulsion. 
 You have the right to discontinue from the study at any time. 
 There will be no cost for participating in this study. 
 3ml of blood will be withdrawn from the antecubital vein on two occasion for 
study purpose 
EXPLANATION OF PROCEDURES: 
           If you agree to participate in this study, you are expected to give a detailed 
medical history and we would conduct a clinical examination and withdraw blood for 
investigation. Data from the study will be used for research purpose only. 
ASSURANCE OF CONFIDENTIALITY: 
             The information concerning your participation in this study will be kept 
confidential and will be used only for scientific purpose. No one except members of the 
research team will have access to the results. 
We believe that the results of this study will be beneficial for advancements in medical 
science. 
PARTICIPANT CONSENT: 
               I Mr/Ms                                    residing  at                                            have read 
the explanation about this study and provide my consent for participating in this study 
and for using the results for medical and scientific purposes 
Signature of Subject                                                                Signature of Researcher 
                                                                                                                                                                                  
Date:                                                 
 xli 
 
                                                                                                                                    
nrd;id kUj;Jtf;fy;Yhhp kUj;Jtkid kw;Wk; Muha;r;rp ikaj;jpd; clypay; Jiwapy; 
elj;jg;gLk;.  
 
“இளரஞர்களுக்கிளை஬ில் காளய உணவு விடுப்பினால் அமிவாற்மல், தூக்க 
த஭ம் ஫ற்றும் குளுககாஸ் அரவு ஆகி஬விற்மில் வரும் விளரவுகள்” 
 
   
,g;ghpNrhjidf;F rk;kjpg;gJ cq;fs;  tpUg;gj;ijg; nghWj;jJ. fl;lhak; VJk; ,y;iy.  
ghpNrhjidapypUe;J ve;jNeuKk; tpyf jq;fSf;F KO chpik cz;L. ,r;Nrhjidf;F 
fl;lzk; fpilahJ. ச ோதனையின்  ச ோது  மூன்று மில்லி ரத்தம் இரண்டு முனற எடுக்கப் டும் 
   
,e;j Ma;tpd; KbTfs; kUj;Jtk; kw;Wk; Muha;r;rp Kd;Ndw;wj;jpw;F cjTk; vd;W 
fUJfpd;Nwhk; ,itfis NtW vjw;Fk; gad;gLj;jg;gl khl;lhJ vd cWjpaspf;fpNwhk;  
   
Xg;Gjy;  
ehd; jpU……………………….……………….. Kfthp……………………………...…………  
ehs; ……………………………… md;W Nkw;fz;l Ma;Tf;fhf jfty; gbtj;jpid gbj;J 
Nfl;L Ghpe;J nfhz;L ,e;j Muhr;rpf;F vd; kdg;Gh;tkhd rk;kj;ij mspg;gNjhL ,e;j 
Ma;tpd; KbTfis kUj;Jtk; kw;Wk; Muhr;rp Nehf;fj;jpw;F gad;gLj;j xg;Gjy; 
mspf;fpNwd;.  
   
gq;Nfw;ghsh; ifnahg;gk;          Ma;thsh;  ifnahg;gk 
  
 xlii 
 
;KEY TO MASTER CHART 
       INDEX       Meaning  
BMI Body mass index  
WC Waist circumference  
HC Hip circumference  
W:H Waist hip ratio  
PSQI Pittsburg sleep quality index  
PCT Pair cancellation task  
LCT Letter cancellation task  
DST Digit span task  
MAT Mental arithmetic task  
TM-A&B A. Trial making task A& B  
              RCNb Neutral stroop task  
              RCNc Congruent stroop task  
              RCNd Incongruent stroop task  
               FBG Fasting plasma glucose  
               OGT Oral glucose tolerance test  
 
xliii 
 
BREAKFAST EATERS 
Name Ag
e 
Se
x 
Menar
che 
Heig
ht 
Weig
ht 
BMI WC HC WC:
HC 
PS
QI 
DS
T 
T
M-
A 
T
M-
B 
LC
T 
PC
T 
RC
Nb 
RC
Nc 
RC
Nd 
MA
T 
FB
G 
Aft
er 
75g
m 
Sowmiya.
M 
19 F 13 166 64 23.
27 
86.5 101
.5 
0.85 6 14 39 64 66 79 72 36 96 16 82 100 
Uma 33 F 15 152 49 21.
21 
82 97 0.84 7 10 56 58 58 83 69 37 101 25 76 110 
Sanjana 
devi 
18 F 12 175 108 35.
29 
125 136 0.9 2 13 25 54 62 82 86 36 88 26 10
9 
207 
Janani 
aishwarya 
18 F 12 160 42 16.
4 
71 83 0.86 7 14 20 42 44 71 41 28 53 19 78 103 
Karpagaraj
ee 
18 F 11 155 57 23.
75 
90 100 0.9 2 12 23 72 57 51 60 31 80 19 64 74 
Freethi 32 F 14 156 77 31.
68 
91 121 0.75 4 12 38 10
0 
73 78 59 51 70 14 93 88 
Rachel 23 F 13 168 70 24.
82 
91 110 0.82 3 14 25 51 48 62 54 29 60 19 84 99 
Saranya 25 F 13 164 60 22.
38 
80 96 0.83 3 13 24 48 54 77 51 36 77 26 86 92 
Vigneshwa
ri 
24 F 13 152 69 29.
87 
93 110 0.84 4 15 18 49 60 57 51 36 64 12 84 102 
Thilaga 26 F 14 154 52 21.
94 
76 93 0.81 2 12 27 96 60 66 73 25 72 13 94 140 
Desika 18 F 11 155 60 25 83 94 0.88 3 12 40 74 65 60 57 31 70 15.
7 
58 88 
Monika 27 F 13 160 65 25.
39 
94 104 0.9 0 12 40 70 73 61 42 26 57 21 81 130 
Kalavathy 26 F 14 157 65 26.
4 
98 114 0.86 3 14 30 75 73 83 102 26 123 39 10
2 
113 
Arivumalar 25 F 15 150 49 21.
7 
82 88 0.93 1 14 26 76 42 79 52 42 72 17 94 153 
xliv 
 
Jayashree 18 F 13 156 41 16.
87 
72 84 0.85 2 14 36 84 48 64 46 37 51 12 60 95 
Lavanya 32 F 12 154 69 29.
11 
94 105 0.89 4 8 22 70 49 50 53 31 73 21 83 106 
Anu 
gayathri 
25 F 13 168 67 23.
75 
82 104 0.78 5 17 35 52 74 70 76 42 84 23 81 136 
Lakshmi 
priya 
29 F 14 170 58 20.
07 
81 94 0.86 2 14 33 45 63 83 58 46 63 14 74 124 
Priyanka 18 F 13 163 50 18.
79 
74.5 86.
5 
0.86 7 10 25 65 55 70 48 37 57 23 57 102 
Roshini 18 F 14 161 78 30 97 120 0.8 6 13 22 56 54 61 64 52 81 12 61 82 
Saral 32 F 14 152 46 19.
91 
81 97 0.83 4 12 23 70 44 65 60 49 103 15 76 112 
Hema 
gowshika 
18 F 13 157 58 23.
57 
92 98 0.94 4 12 29 58 52 60 65 36 79 14 68 127 
Dhivya.M.
S 
25 F 13 159 78 30.
9 
92 112 0.82 6 15 21 53 57 64 45 43 66 14 77 138 
Janani.S 18 F 12 165 60 22.
05 
89 101 0.88 8 14 29 57 55 62 45 21 49 16 64 85 
Petricia 32 F 13 160 70 27.
34 
92 110 0.83 1 13 31 76 54 64 72 41 69 23 69 110 
Laksmi 18 F 14 170 65 22.
49 
94 109 0.86 6 17 20 50 48 55 31 19 54 18 82 129 
Kavi priya 32 F 12 158 60 24.
09 
73 108 0.67 1 14 52 72 83 70 44 38 59 33 86 145 
Siva 23 F 14 147 42 19.
4 
63 71 0.88 2 11 56 70 47 11
6 
100 59 153 18 92 121 
Shanthi 33 F 14 153 45 19.
23 
70 86 0.81 4 10 36 71 57 72 72 38 66 13 10
1 
120 
Gowri 20 F 12 159 74 29.
37 
90 105 0.86 3 12 25 84 47 75 39 30 68 16 95 112 
Vidya 32 F 15 159 65 25.
69 
92 102 0.9 0 11 36 59 40 90 45 32 59 20 88 99 
xlv 
 
Sumithra 20 F 15 160 43 16.
79 
68 80 0.85 2 10 35 75 59 83 74 30 92 26 77 86 
Suguna 33 F 13 156 60 24.
03 
97 101 0.96 2 16 41 84 79 11
2 
80 43 83 25 84 90 
Ilavenil 35 F 14 170 62 21.
45 
86 104 0.84 2 14 24 57 81 95 56 23 59 12 78 103 
Benziya 19 F 13 160 60 23.
43 
92 110 0.83 4 10 42 90 68 81 60 49 116 23 75 65 
Ganesh 
pandiyan 
31 M NA 172 62 21 83 87 0.95 1 15 28 56 60 90 82 63 121 14 88 102 
Jibin 18 M NA 162 60 24.
8 
78 84 0.9 8 17 31 50 55 76 37 24 76 13 83 113 
Hariharan 18 M NA 190 94.8 26 108 105 0.97 3 16 36 37 45 66 85 25 101 10 66 76 
Karthikeya
n 
20 M NA 181 86 26.
21 
95 97 0.97 8 16 31 60 50 65 43 22 58 10 10
0 
113 
Manoj 18 M NA 176 105 33.
98 
108 112 0.96 6 12 36 66 84 95 52 85 25 11 51 131 
Deepan 
prabhu 
22 M NA 175 90 29.
4 
100 120 0.83 2 10 32 65 54 59 59 41 90 13 86 92 
Sunil 
kumar 
20 M NA 173 65 21.
24 
76 87 0.87 8 12 17 75 64 55 58 25 75 21 90 109 
Hari  26 M NA 168 83 29.
4 
89 102 0.87 1 13 30 72 68 83 60 38 84 10 11
0 
122 
Saravanan 33 M NA 170 110 38 116.
84 
102 1.15 3 11 51 12
9 
61 69 50 28 60 10
7 
94 114 
Jerin 
daniel 
18 M NA 170 75 25.
95 
86 90 0.9 7 13 26 50 47 59 48 24 50 19 18
7 
78 
Rajajeyaku
mar 
35 M NA 172 65 22.
03 
82 96 0.85 2 9 34 59 55 66 79 31 90 16 88 102 
Gaushik 18 M NA 178 68 21.
45 
82 87 0.94 1 13 25 41 57 54 43 32 64 13 90 109 
Venugopal 21 M NA 168 85 30.
14 
90 103 0.87 1 10 34 56 43 56 40 37 70 17 74 110 
xlvi 
 
 
 
 
 
 
 
Good 
roshan 
18 M NA 171 86 29.
5 
102 110 0.92 9 10 30 10
8 
41 70 70 29 83 28 80 96 
Manikand
an 
18 M NA 174 66 21.
85 
80 82 0.98 1 12 34 55 65 55 50 20 67 9 87 93 
Karthikeya
n 
32 M NA 169 80 27.
97 
98 103 0.95 1 14 30 50 59 62 61 27 85 20 12
6 
254 
Santhosh 28 M NA 177 78 24.
92 
87 97 0.87 2 12 15 32 59 71 49 30 84 10 95 107 
Naresh 28 M NA 168 70 24.
82 
90 110 0.8 3 11 31 45 61 77 46 30 61 12 24
8 
397 
xlvii 
 
BREAKFAST SKIPPERS 
Name Age Sex Men
arch
e 
Hei
ght 
Wei
ght 
BMI WC HC WC
:HC 
PSQ
I 
DST TM-
A 
TM-
B 
LCT PCT RC
Nb 
RC
Nc 
RC
Nd 
MA
T 
FBG Aft
er 
75g
m 
Priya  21 F 13 155 38 15.
8 
61 80 0.7
6 
7 12 56 106 54 105 40 33 110 23 102 142 
Thilag
a 
32 F 14 154 47 19.
5 
67 88 0.7
6 
2 12 41 70 66 79 35 40 60 21 109 83 
Dhanal
akshm
i 
25 F 14 154 50 21.
09 
70 82 0.8
5 
3 11 27 61 56 70 47 33 75 13 80 97 
Reeta 22 F 11 148 45 22.
95 
70 81 0.8
6 
2 8 56 82 67 103 60 56 120 26 110 148 
Athish
a 
18 F 15 159 74 29.
36 
87 99 0.8
7 
2 12 30 69 39 54 50 31 80 26 63 89 
Ancy 18 F 13 170 64 22.
14 
81 100 0.8
1 
13 11 59 96 84 75 63 54 97 34 82 108 
Karish
ma 
18 F 15 156 40 16.
46 
62.
5 
80 0.7
8 
8 13 27 68 45 69 40 24 54 20 65 83 
Kavith
a 
32 F 14 150 57 25.
33 
71 99 0.7
1 
1 11 47 84 49 60 64 38 75 20 92 96 
Reena 18 F 13 156 57 23.
45 
84 92 0.9
1 
7 13 29 62 64 46 60 40 124 28 61 80 
Jashik
a 
18 F 14 161 55 21.
2 
83 97 0.9
1 
4 16 20 47 47 69 39 22 68 17 73 92 
Shalini 18 F 13 142 40 19.
9 
56 60 0.8
6 
5 12 30 60 51 60 42 29 46 17 71 95 
Shruth
i 
18 F 13 168 76 26.
9 
105 112 0.9
3 
4 17 17 60 39 45 55 28 72 12 68 88 
Keerth
ana 
18 F 15 154 40 16.
9 
72 86 0.8
3 
8 12 32 43 49 61 44 28 57 19 64 84 
Baby 34 F 16 158 41 16. 67 83 0.8 5 13 36 79 57 110 57 38 78 16 74 87 
xlviii 
 
46 
Aksha
ya 
18 F 11 164 63 23.
3 
74 88 0.8
4 
3 14 49 84 119 120 62 32 83 13 60 76 
Suvala
xmi 
18 F 12 167 60 21.
58 
80 94 0.8
5 
5 14 29 49 48 57 48 35 57 21 68 78 
Sudha 30 F 13 157 59 23.
94 
82 90 0.9 4 10 27 65 70 94 62 38 62 25 103 125 
Sophiy
a 
21 F 13 153 45 19.
23 
71 81 0.8
7 
5 11 33 85 42 75 61 33 82 30 113 92 
Lavany
a 
26 F 14 158 44.
5 
17.
87 
73 90 0.8
1 
1 11 34 72 44 59 60 33 72 20 85 90 
Amart
hya 
18 F 13 165 58 21.
3 
85 93 0.9
1 
3 11 22 47 55 73 47 38 63 14 75 107 
Sindhu 25 F 17 160 46 17.
96 
74 85 0.8
7 
1 12 31 50 39 78 93 28 107 11 78 94 
Raihan
a 
21 F 14 156 46 18.
9 
77 86 0.8
9 
10 11 46 78 43 57 66 35 80 16 71 95 
Rupav
athi 
20 F 15 154 45 18.
98 
71 79 0.8
9 
4 9 38.
5 
110 75 98 67 54 79 36 70 97 
Mukka
mal 
28 F 16 153 54 23 88 98 0.8
9 
2 6 37 130 43 69 54 40 80 30 101 121 
Shoba
na 
25 F 13 167 68 24.
5 
90 95 0.9
5 
1 12 17 43 59 65 64 23 75 13 91 140 
Prathi
ba 
19 F 12 130 38 22.
49 
66 77 0.8
6 
2 8 40 90 55 102 74 60 130 20 85 91 
Selvi 34 F 15 142 42 20.
83 
67 82 0.8
17 
1 7 56 107 60 77 62 50 113 26 85 93 
Fathim
a 
26 F 13 167 75 26.
88 
98 116 0.8
4 
2 14 26 50 63 69 50 28 87 20 85 93 
Jenifer 22 F 15 155 40 16.
64 
90 106 0.8
5 
1 8 25 130 43 91 60 52 74 30 79 84 
Janaki 28 F 11 154 56 23.
6 
87 97 0.8
9 
6 10 59 90 70 100 50 40 74 15 96 112 
xlix 
 
Dhivya 22 F 14 160 57 22.
56 
74 87 0.8
5 
5 7 37 64 42 71 60 54 120 20 116 149 
Nandh
ini 
28 F 15 160 37 14.
45 
70 78 0.8
9 
8 9 32 57 41 61 47 30 86 24 88 114 
Keerth
i 
22 F 15 165 60 22.
05 
90 102 0.8
8 
2 8 36 79 59 79 35 56 120 21 107 150 
Indhu 25 F 13 160 56 21.
87 
87 100 0.8
7 
1 7 41 70 58 70 37 30 72 22 92 102 
Bhuva
na 
24 F 14 152 50 21.
65 
82 99 0.8
3 
4 8 62 82 72 86 72 36 95 21 110 134 
Abdul 
rahim 
26 M NA 175 90 29.
4 
101 108 0.9 9 10 21 67 60 67 59 27 71 15 71 96 
Vignes
hwara
n 
20 M NA 167 77 27.
5 
93 96 0.9
6 
6 13 50 62 64 82 59 35 60 12 83 113 
Ashwa
th 
kumar 
25 M NA 187 74 21.
2 
99 105 0.9
4 
2 13 17 36 45 62 45 25 79 11 90 110 
Miller 32 M NA 155 55 22.
91 
90 92 0.9
7 
4 13 38 67 62 81 182 57 166 15 83 98 
Angu 
navee
n 
18 M NA 176 68 22 75 85 0.8
8 
14 13 18 68 46 71 54 32 65 12 70 90 
Deepa
n raj 
19 M NA 162 52 19.
84 
64 78 0.8
2 
5 15 22 37 59 63 58 21 74 11 57 81 
Velmu
rugan 
19 M NA 178 56 17.
72 
64 76 0.8
4 
6 10 23 88 84 87 64 25 91 14 52 79 
Suresh 
balaji 
31 M NA 172 53 17.
91 
76 90 0.8
4 
7 11 26 61 74 64 48 32 74 17 70 91 
Vignes
h.S 
19 M NA 176 70 21.
8 
84 92 0.9
1 
11 16 34 65 59 79 56 42 62 18 79 104 
Raja 
balaji 
21 M NA 175 74 24.
1 
92 107 0.8
6 
10 13 37 89 68 81 60 42 67 27 72 110 
Vignes 21 M NA 155 45 18. 67 71. 0.9 7 12 37 79 74 81 52 34 74 20 76 86 
l 
 
h ii 75 5 
Vignes
h.R 
19 M NA 172 65 22.
03 
76 78 0.9 12 14 27 41 72 71 48 34 62 28 64 86 
Badri 
naraya
nan 
19 M NA 180 72 22.
2 
80 100 0.8 10 16 20 40 59 61 43 25 56 13 60 83 
Rohint
h 
18 M NA 169 70 24.
5 
62 80 0.7 2 12 40 58 89 60 69 28 68 18 57 96 
Sudhir
am 
18 M NA 162 69 26 90 110 0.8
1 
4 13 18 48 50 63 37 25 56 42 74 91 
Selva 23 M NA 170 50 17.
3 
74 84 0.8
8 
4 9 30 64 50 70 74 61 90 26 119 127 
Karthic
k  
18 M NA 172 70 23.
64 
75 86 0.8
7 
7 13 29 55 50 55 67 30 83 9 82 110 
Kathir
avan 
23 M NA 162 51 19.
4 
69.
66 
77.
4 
0.9 5 9 30 79 39 58 44 30 72 32 80 86 
 
